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Abstract of JP2004014819 

PROBLEM TO BE SOLVED: To obtain high 
reliability by installing a lateral mode 
controlling mechanism of a ridge stripe or an 
internal stripe and controlling the stripe width 
with high precision. 

SOLUTION: On an n-GaAs substrate 1, an n- 
AI<SB>z1 </SB>Ga<SB> 1 -z1 </SB>As lower 
clad layer 2, an n or i- 

ln<SB>0.49</SB>Ga<SB>0.51 </SB>P optical 
waveguide layer 3, a GaAs<SB>1- 
y2</SB>P<SB>y2</SB>tensile strain barrier 
layer 4, a compressive strain 
ln<SB>x3</SB>Ga<SB>1-x3</SB>As<SB>1- 
y3</SB>P<SB>y3</SB>quantum well active 
layer 5, a GaAs<SB>1- 
y2</SB>P<SB>y2</SB>tensile strain barrier 
layer 6, a p or i- 

ln<SB>0.49</SB>Ga<SB>0.51 </SB>P optical 
waveguide layer 7, a p-GaAs regrowth 
protective layer 8, a p- 

ln<SB>0.49</SB>Ga<SB>0.51 </SB>P etching 
stop layer 9, an n-AI<SB>z2</SB>Ga<SB>1- 
z2</SB>As current constriction layer 10 
(0.6<=z2<0.8, thickness is almost 500 nm, and 
z2 is increased gradually from 0.6 to less than 
0.8 as leaving from the active layer), and n- 
GaAs cap layer 1 1 are laminated. By using an 
SiO<SB>2</SB>film 12 as a mask, the cap 
layer 1 1 in a stripe region whose width is 
almost 1-4 [mu]m and the current constriction 
layer 10 are removed. After the p-GaAs 
etching stop layer 8 and the n-GaAs cap layer 
11 are removed, a p- 

AI<SB>z1 </SB>Ga<SB>1 -z1 </SB>As clad 
layer 13 and a p-GaAs contact layer 14 are 
formed. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

In a semiconductor laser element provided with an upper clad layer which consists of AIGaAs or 
AIGalnP fabricated a lower clad layer, a lower lightguide, an active layer, a top lightguide, and in 
the shape of a ridge on a substrate at this order, 

A semiconductor laser element to which composition ratio of aluminum of said upper clad layer is 
characterized by becoming large gradually toward said substrate and a counter direction from 
said active layer side. 
[Claim 2] 

The semiconductor laser element according to claim 1, wherein the second upper clad layer is 
formed between said top lightguide and said upper clad layer. 
[Claim 3] 

In a semiconductor laser element which equipped this order with a current stricture layer which 
consists of AIGaAs or AIGalnP which has a lower clad layer, a lower lightguide, an active layer, 
and a top lightguide on a substrate, and has an opening in a stripe region, and an upper clad layer 
formed so that said opening might be embedded, 

A semiconductor laser element to which composition ratio of aluminum of said current stricture 
layer is characterized by becoming large gradually toward said substrate and a counter direction 
from said active layer side. 
[Claim 4] 

The semiconductor laser element according to claim 3, wherein the second upper clad layer is 
formed between said top lightguide and said current stricture layer. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the semiconductor laser element provided with the horizontal 

microfiche control mechanism. 

[0002] 

[Description of the Prior Art] 

The ridge type semiconductor laser element which provides a ridge part by a photolithography 
after all the ends of crystal growth as a semiconductor laser element provided with the 
horizontal microfiche control mechanism, And after etching removes the field equivalent to the 
current path of a current restraining layer (current stricture layer), the internal stripe type 
semiconductor laser element which re-grows a current path (cladding layer) anew can be 
mentioned. The ridge type semiconductor laser element is generally widely used now including 
the telecommunications sector. On the other hand, in an internal stripe type semiconductor laser 
element, since the large touch area of a contact layer and an electrode can be taken, there is an 
advantage that contact resistance is small and excellent in the stability of manufacture as 
compared with a ridge type or an insulator layer stripe type. Such an internal stripe type 
semiconductor laser element is introduced to IEEE Journal ofQuantum Electronics. Vol. 29 of 
issue, No6, and p.1889 in 1993, for example. In recent years, although it is possible to control the 
line width of a current injection region by progress of photolithography technique with 
reproducibility sufficient with high precision, the further quality improvement is demanded. 
[0003] 

On the other hand, as a compound semiconductor material used for the semiconductor laser 
element, since AIGaAs which contains aluminum, for example has few differences of a grating 
constant with GaAs, it is used widely. However, on character, since wet etching advances 
isotropic, AIGaAs is difficult to control the depth direction and the horizontal etch rate of a layer. 
In order to solve this, even if it uses an expensive dry etching system, cost becomes high and 
there is a problem of not being suitable for mass production. 
[0004] 

[Problem(s) to be Solved by the Invention] 

For example, although processing is performed for horizontal microfiche control, the cladding 
layer of a ridge type semiconductor laser element, and the current stricture layer of an internal 
stripe type semiconductor laser element, When the semiconductor material which contains 
AIGaAs or aluminum in these layers is used, it is difficult for a side etching amount to control 
stripe width with high precision greatly. 
[0005] 

An object of this invention is to provide a semiconductor laser element producible by the reliable 
low cost which a stripe is high degree of accuracy, and was fixed with sufficient reproducibility in 
light of the above-mentioned circumstances. 
[0006] 

[Means for Solving the Problem] 



On a substrate the 1st semiconductor laser element of this invention A lower clad layer, a lower 
lightguide, [n a semiconductor laser element which equipped this order with an upper clad layer 
which consists of AIGaAs or AIGalnP fabricated an active layer, a top lightguide, and in the 
shape of a ridge, Composition ratio of aluminum of an upper clad layer is becoming large 
gradually toward the active layer side to a substrate, and a counter direction. The second upper 
clad layer may be formed between a top lightguide and an upper clad layer. 
[0007] 

On a substrate the 2nd semiconductor laser element of this invention A lower clad layer, a lower 
lightguide, In a semiconductor laser element which equipped this order with a current stricture 
layer which consists of AIGaAs or AIGalnP which has an opening in an active layer, a top 
lightguide, and a stripe region, and an upper clad layer formed so that said opening might be 
embedded, Composition ratio of aluminum of a current stricture layer is becoming large gradually 
toward the active layer side to a substrate, and a counter direction. The second upper clad layer 
may be formed between a top lightguide and a current stricture layer. 
[0008] 

[Effect of the Invention] 

According to the 1st semiconductor laser element of this invention, are the above lamination and 
the composition ratio of aluminum of an upper clad layer by becoming large gradually toward the 
substrate and the counter direction from the active layer side, accuracy — since it shall have 
the ridge stripe formed highly, reliability high to high power can be acquired. When the Al 
composition ratio of an upper clad layer was constant, since wet etching was advancing 
isotropic, there was a problem that a side etching amount was large and the controllability of 
stripe width was bad until now, but. Anisotropy can be given to wet etching by having enlarged Al 
composition ratio gradually toward the substrate and the counter direction from the active layer 
side. That is, since the side etching amount near the surface of an upper clad layer can be made 
small, the controllability of stripe width can be improved. Therefore, since desired stripe width 
can be obtained with sufficient reproducibility by high yield, it is possible to produce a reliable 
semiconductor laser element by low cost 
[0009] 

According to the 2nd semiconductor laser element of this invention, are the above lamination, 
and the composition ratio of aluminum of a current stricture layer by becoming large gradually 
toward the substrate and the counter direction from the active layer side, accuracy — it shall 
have the internal stripe slot formed highly, and reliability high to high power can be acquired. 
Namely, since anisotropy can be given to this wet etching and a side etching amount can be 
made small like the above in the process of etching a current stricture layer by wet etching, and 
forming an internal stripe slot, The controllability of an internal stripe flute width can be improved 
and a reliable semiconductor laser element can be obtained by low cost. 
[0010] 

The average refractive index of the cladding layer in the 1st semiconductor laser element of 
above-mentioned this invention, or the current stricture layer in the 2nd semiconductor laser 
element of this invention, Since thickness will be inevitably made small if it becomes keeping 
from being less smaller than before (this refractive index at the time of fixing a refractive index 
and producing it), the controllability of stripe width can be improved. 
[0011] 

In the 1st and 2nd semiconductor laser elements of this invention, since the controllability of a 
horizontal equivalent-refractive-index difference becomes high by providing the second upper 
clad layer, a reliable refractive-index waveguide mechanism can be fixed. 
[0012] 

[Embodiment of the Invention] 

Hereafter, an embodiment of the invention is described in detail using a drawing. 
[0013] 

The semiconductor laser element by a 1st embodiment of this invention is explained in 
accordance with the manufacturing method. Drawing 1 is a sectional view of the manufacturing 
process of the semiconductor laser element and drawing 2 is a refractive-index diagram of the 



semiconductor laser element. 
[0014] 

As shown in drawing 1 (a), by metal-organic chemical vapor deposition on n-GaAs substrate 1, 
The n-aluminum z1 Ga 1 _ z1 As lower clad layer (0.6<=z1<0.8) 2, n, or i~ln 049 Ga 051 P lightguide 3, the 

GaAs.|_ y2 P y 2 tensile strain barrier layer 4 (0<=y2<=0.4), The compressive strain In x3 Ga.j_ x3 As.,_ 
y3 P y3 quantum well active layer 5 (0<x3<=0.3, 0<=y3<=0.6), The GaAs 1 _ y2 P y 2 tensile strain 
barrier layer 6, p or the Hn 049 Ga 051 P lightguide 7, the p-GaAs re-growth protective layer 
(about 10 nm) 8, the P~I n 0 49^ a 0 5i' :> etc h' n g blocking layer 9, The n-aluminum^Ga^^As current 
stricture layer 10 (0.6<=z2<0.8, nm [ in thickness / about 500 ], and z2 make it increase gradually 
to 0.6 to less than 0.8 as they separate from an active layer), and the n-GaAs cap layer (about 
10 nm) 1 1 are laminated. Besides the Si0 2 film 12 is formed and the usual lithography removes 

about 1-4 micrometers of Si0 2 films of the stripe region of width in the <01 1> directions. 
[0015] 

Next, as shown in drawing 1 (b), the Si0 2 film 12 is used as a mask, The p-In 04g Ga 051 P etching 

blocking layer 9 is exposed by etching the GaAs cap layer 11 and the n-aluminum z2 Ga 1 _ z2 As 

current stricture layer 10 by sulfuric acid system etchant. Then, the p-[n 049 Ga 051 P etching 

blocking layer 9 is removed by chloride system etchant, the Si0 2 film 1 2 is removed by etchant 

of a fluoric acid system, and the p-GaAs re-growth protective layer (about 10 nm) 8 and the n- 

GaAs cap layer (about 10 nm) 11 are exposed. 

[0016] 

Next, as shown in drawing 1 (c), the p-aluminum z1 Ga 1 _ z1 As upper clad layer 13 and p-GaAs 

contact layer 1 4 are formed. The p lateral electrode 1 5 is formed, the substrate 1 is ground and 
the n lateral electrode 16 is formed. Then, chip making of a high reflectance coat and the low 
reflectance coat is performed and carried out to the resonator face which carried out the 
cleavage of the sample and formed it, and a semiconductor laser element is completed. 
[0017] 

A fundamental transverse mode oscillation makes thickness of the p or i— In 0 49 Ga Q 51 P lightguide 

7 a value maintainable to high power. 
[0018] 

The lower clad layer 2 and the upper clad layer 12 may be In 049 (Ga 1 _ z3 aluminum z3 ) Q51 P layers 

(0.2<=z3<=1). 
[0019] 

The conductivity of the p-GaAs re-growth protective layer 8, the P~Ino49Ga 051 P etcn ' n 6 

blocking layer 9, and the n-GaAs cap layer 1 1 may be n and p type whichever. 
[0020] 

Although the barrier layer which has a tensile strain is used in this embodiment, the barrier layer 

of the presentation which carries out lattice matching to GaAs may be used. 

[0021] 

Since the semiconductor laser element of this embodiment is becoming large gradually to 0.6 to 
less than 0.8 as are shown in drawing 2 , and the Al composition ratio of a current stricture layer 
separates from an active layer, a refractive index becomes small gradually. Since thickness will 
be made small when it is made smaller than the refractive index at the time of fixing a refractive 
index and producing the average refractive index of this current stricture layer, controllability of 
stripe width can be made high. 
[0022] 

Stripe width distribution of the semiconductor laser element of the above-mentioned 
embodiment and the semiconductor laser element as a conventional example is shown in drawing 
3. As shown in drawing 3 , as compared with a conventional example, distributions of the stripe 
width in a 2-inch board are or less conventional about 1 / 2, and, as for the semiconductor laser 



element of this invention, it turns out that the stripe width as a design is fixed stably, for this 
reason, the field of a kink generation light output — internal division — cloth is substantially 
improvable. Since the yield can be raised, it is possible to produce a reliable semiconductor laser 
element by low cost 
[0023] 

Next, the semiconductor laser element by a 2nd embodiment of this invention is explained in 
accordance with the manufacturing method. Drawing 4 is a sectional view of the manufacturing 
process of the semiconductor laser element 
[0024] 

As shown in drawing 4 (a), by metal-organic chemical vapor deposition on n-GaAs substrate 21, 
The n-aluminum z1 Ga 1 _ z1 As lower clad layer 22 (0.6<=z1<0.8), n or the i-In x1 Ga 1 _ x1 As 1 _ y1 P y1 

lightguide 23 (0<x1<=0.2, 0<=y1<=0.4), The compressive strain In x3 Ga 1 _ x3 As 1 3 P 3 quantum well 

active layer 24 (0<x3<=0.3, 0<=y3<=0.6), p or the Hn x1 Ga 1 _ x1 As 1 _ y1 P y1 lightguide 25 (0<x1<=0.2, 

0<=y1<=0.4), The first cladding layer (about 200 nm) 26 of the p-aluminum 065 Ga 035 As upper 

part, The p-GaAs re-growth protective layer (about 10 nm) 27, the p-[n 04g Ga 051 P etching 

blocking layer 28, the n-aluminum^Ga^^As current stricture layer 29 (0.6<=z4<0.8 and about 

500 nm in thickness.) z4 laminates the n-GaAs cap layer (about 10 nm) 30 to which it is made to 
increase gradually to 0.6 to less than 0.8 as it separates from an active layer. Besides the Si0 2 

film 31 is formed and the usual lithography removes about 1-4 micrometers of Si0 2 films 31 of 

the stripe region of width in the <011> directions. 
[0025] 

Next, by etching the GaAs cap layer 30 and the n-aluminum^Ga^^As current stricture layer 29 

by sulfuric acid system etchant by using the Si0 2 film 31 as a mask, as shown in drawing 4 (b). 

The P~I n o.49 Ga o.5i P etcnin g blocking layer 28 is exposed. Succeedingly, the P _ In 049 Ga 051 P 

etching blocking layer 28 is removed by chloride system etchant, the Si0 2 film 31 is removed by 

etchant of a fluoric acid system, and the p-GaAs re-growth protective layer 27 and the n-GaAs 

cap layer 30 are exposed. 

[0026] 

Next, as shown in drawing 4 (c), the second cladding layer 32 of the p-aluminum^Ga^As 

above and p-GaAs contact layer 33 are formed after that. The p lateral electrode 34 is formed, a 
substrate is ground and the n lateral electrode 35 is formed. Then, a high reflectance coat is 
performed to one side of the resonator face which carried out the cleavage of the sample 
produced as mentioned above, and formed it a low reflectance coat is performed on another 
side, chip making is carried out, and a semiconductor laser element is completed. 
[0027] 

A fundamental transverse mode oscillation makes p or thickness of the i-[n xl Ga 1 _ x1 As 1 _ y1 P y1 

lightguide 25, and thickness of the first cladding layer 26 of the p-aluminum 065 Ga 035 As upper 

part a value maintainable to high power. 
[0028] 

The lower clad layer 22, the first cladding layer 26 of the upper part, and the second cladding 
layer 32 of the upper part may be In a4g (Ga 1 _ z3 aluminum z3 ) 051 P layers (0.2<=z3<=1) instead of 

AIGaAs. 
[0029] 

The conductivity of the p-GaAs re-growth protective layer 27, the p-In 049 Ga Q51 P etching 

blocking layer 28, and the n-GaAs cap layer 30 may not be concerned with the conductivity of a 

substrate, but may be whichever of a n type and a p type. 

[0030] 

Since the Al composition ratio of the current stricture layer is made to increase gradually also in 



the semiconductor laser element by this embodiment produced as mentioned above as it 
separates from an active layer, Since anisotropy can be given to this wet etching and a side 
etching amount can be made small in the process of etching a current stricture layer by wet 
etching, and forming an internal stripe slot, The controllability of an internal stripe flute width can 
be improved and a reliable semiconductor laser element can be obtained by low cost. 
[0031] 

In the above 1st and a 2nd embodiment, although the semiconductor laser element whose stripe 
width is about 1-4 micrometers and which carries out a fundamental transverse mode oscillation 
was described, Stripe width is made larger than 4 micrometers, it is good also as a refractive- 
index waveguide moulded-breadth extensive semiconductor laser element, and this broad 
semiconductor laser element can obtain a low noise oscillation also in a multi-mode oscillation. 
[0032] 

Next, the semiconductor laser element by a 3rd embodiment of this invention is explained in 
accordance with the manufacturing method. Drawing 5 is a sectional view of the semiconductor 
laser element. 
[0033] 

As shown in drawing 5 , by metal-organic chemical vapor deposition on n-GaAs substrate 41, The 
n-aluminum z1 Ga 1 _ z1 As lower clad layer (0.6<=z1<0.8) 42 is grown up, The n or i-In 04g Ga 051 P 

lightguide 43 is grown up, The l n x 4G a i- x 4 A s 1 _y 4 P y4 quantum well active layer (0<x4<=0.2, 

0<=y4<=0.4) 44, p, or the i-In Q 49 Ga 0 51 P lightguide 45 which carries out lattice matching to GaAs, 

The first cladding layer 46 of the p-aluminum z1 Ga 1 _ z1 As upper part, the p-In 04g Ga 051 P etching 

blocking layer (about 10 nm) 47, the second cladding layer 48 of the p-aluminum^Ga^^As 

upper part. (0.6<=z2<0.8, about 2000 nm in thickness, and z2 making it increasing gradually to 0.6 
to less than 0.8 as they separate from an active layer), and p-GaAs contact layer 49 are 
laminated. 
[0034] 

Besides a Si0 2 film (not shown) is formed and the usual lithography removes Si0 2 films other 

than a stripe region about 50 micrometers wide in the <011> directions. 
[0035] 

Next, the second cladding layer 48 of the p-aluminum z2 Ga 1 _ 2 As upper part and p-GaAs contact 

layer 49 are removed by sulfuric acid system etchant by using a Si0 2 film as a mask, and a ridge 

stripe is formed. Etching stops by the P~Ino49^" a 0 5l' 3 etcn ' n S blocking layer 47 automatically. 

The Si0 2 film 50 is newly formed for a Si0 2 film after removal by etchant of a fluoric acid 

system, and the Si0 2 film 50 of a ridge apex part is removed to stripe shape by the usual 

photolithography. The p lateral electrode 51 is formed, the back substrate is ground and the n 
lateral electrode 52 is formed. Then, a high reflectance coat is performed to one side of the 
resonator face which carried out the cleavage of the sample and formed it, a low reflectance 
coat is performed on another side, after that, chip making is carried out and a semiconductor 
laser element is formed. 
[0036] 

A fundamental transverse mode oscillation makes the thickness of the first cladding layer 46 of 
the p-aluminum z1 Ga 1 _ z1 As upper part, and a presentation a value maintainable to high power. 

[0037] 

The lower clad layer 42, the first cladding layer 46 of the upper part, and the second cladding 
layer 48 of the upper part, It may be an InQ^Ga^^aluminum^) Q51 P layer (0.2<=z3<=1) instead 

of AIGaAs, and what is necessary is just to use GaAs for the etching blocking layer 47 in this 

case. 

[0038] 

In the semiconductor laser element of this embodiment produced as mentioned above, Since the 



Al composition ratio of the second cladding layer 48 of the p-aluminum^Ga^^As upper part is 

made to increase gradually to 0.6 to less than 0.8 as it separates from an active layer, Since 
anisotropy can be given to the wet etching in the case of ridge formation and a side etching 
amount can be made small, the controllability of stripe width can be improved and a reliable 
semiconductor laser element can be obtained by low cost. 
[0039] 

In the embodiment of all above, about the wavelength range to oscillate, The In jc4 Ga 1 4 Asj_ 
y4 P y4 quantum well active layer (0<x4<=0.2, 0<=y4<=0.4) which carries out lattice matching to 
GaAs, or a compressive strain ^ n x 2^ a ^-x3^ s 1-y3^y3 quantum well active layer. Control in the 
range of 750< lambda<1200 (nm) is more possible than (0<x3<=0.3, 0<=y3<=0.6). 
[0040] 

In the embodiment of all above, although only the semiconductor laser with a refractive-index 
waveguide mechanism is indicated, this invention can be applied also to a semiconductor laser 
element with a diffraction grating, or the semiconductor laser element included in the optical 
integrated circuit. 
[0041] 

Although a GaAs substrate is a n type conductive thing and is described, it may use a p type 
conductive substrate and should just carry out conductivity of the semiconductor layer of all 
above reversely in this case. 
[0042] 

It may be the molecular beam epitaxy which uses a solid or gas as a raw material as a grown 

method of each semiconductor layer. 

[0043] 

the semiconductor laser element by this invention — stripe width — control — since it is a 
semiconductor laser element of the high-reliability fixed highly, it is applicable as a light source in 
high-speed information, image processing and communication, measurement, medical science, 
and the field of printing. 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view of a manufacturing process showing the semiconductor laser 
element by a 1st embodiment of this invention 

[Drawing 2] The refractive-index diagram of the semiconductor laser element by a 1 st 
embodiment 

[Drawing 3] The graph which shows stripe width distribution of the semiconductor laser element 
by this invention and a conventional example 

[Drawing 4] The sectional view of a manufacturing process showing the semiconductor laser 
element by a 2nd embodiment of this invention 

[Drawing 5] The sectional view showing the semiconductor laser element by a 3rd embodiment of 
this invention 
[Description of Notations] 

1 n-GaAs substrate 

2 n-aluminum z1 Ga 1 _ z1 As lower clad layer 

3 n or i _ In 049 Ga 051 P lightguide 

4 GaAs 1 tensile strain barrier layer 

5 Compressive strain ' n x 3Ga 1 _ x3 As 1 _ y3 P y3 quantum well active layer 

6 GaAs 1 2 P y 2 tensile strain barrier layer 

7 p or an Hn 04g Ga 0 51 P lightguide 

8 p-GaAs re-growth protective layer 

9 P"I n o49G a o5i' :) etching blocking layer 

10 n-aluminum^Ga^^As current stricture layer 

1 1 n-GaAs cap layer 



13 p-aluminum z1 Ga 1 _ z1 As upper clad layer 

1 4 p-GaAs contact layer 

1 5 p lateral electrode 

1 6 n lateral electrode 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The sectional view of a manufacturing process showing the semiconductor laser 
element by a 1st embodiment of this invention 

[Drawing 2] The refractive-index diagram of the semiconductor laser element by a 1 st 
embodiment 

[Drawing 3] The graph which shows stripe width distribution of the semiconductor laser element 
by this invention and a conventional example 

[Drawing 4] The sectional view of a manufacturing process showing the semiconductor laser 
element by a 2nd embodiment of this invention 

[Drawing 5] The sectional view showing the semiconductor laser element by a 3rd embodiment of 
this invention 
[Description of Notations] 

1 n-GaAs substrate 

2 n-aluminum z ^Ga 1 _ ^s lower clad layer 

3 n or i-In 04g Ga 051 P lightguide 

4 G a As 1 _ y2 P y 2 tensile strain barrier layer 

5 Compressive strain In x3 Ga 1 _ x3 As 1 _ y3 P y3 quantum well active layer 

6 GaAs 1 2 P y 2 tensile strain barrier layer 

7 p or an i-In 04g Ga 051 P lightguide 

8 p-GaAs re-growth protective layer 

9 p-In 04g Ga 051 P etching blocking layer 

10 n-aluminum^Ga^^As current stricture layer 

1 1 n-GaAs cap layer 

13 p-aluminum z1 Ga 1 jAs upper clad layer 

1 4 p-GaAs contact layer 

15 p lateral electrode 

1 6 n lateral electrode 
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